The aim of this study was to identify the key genes involved in the cardiac hypertrophy (CH) induced by pressure overload. mRNA microarray dataset GSE5500 and GSE18801 were downloaded from GEO database, and differentially expressed genes (DEGs) were screened using Limma package; then, functional and pathway enrichment analysis were performed for common DEGs using DAVID database. Furthermore, the top DEGs were further validated using qPCR in the hypertrophic heart tissue induced by Isoprenaline (ISO). A total of 113 common DEGs with absolute fold change >0.5, including 60 significantly up-regulated DEGs and 53 down-regulated DEGs were obtained. GO term enrichment analysis suggested that common up-regulated DEG mainly enriched in neutrophil chemotaxis, extracellular fibril organization and cell proliferation, and the common down-regulated genes were significantly enriched in ion transport, endoplasmic reticulum and dendritic spine. KEGG pathway analysis found that the common DEGs were mainly enriched in ECM-receptor interaction, phagosome, and focal adhesion. Additionally, the expression of Mfap4, Ltbp2, Aspn, Serpina3n, and Cnksr1 were up-regulated in the model of cardiac hypertrophy, while the expression of Anp32a was down-regulated. The current study identified the key deregulated genes and pathways involved in the CH, which could shed new light to understand the mechanism of CH.
The updated data of heart disease and stroke statistics (2016 Edition) from the American Heart Association (AHA) showed that cardiovascular disease (CVD) is still the leading cause of death worldwide (Writing Group et al. 2016) . Due to the increasing number of people living with diseases and the aging of the population, the family and society must face and solve this serious problem of prevention and treatment of cardiovascular disease.
Myocardial hypertrophy is a disorder of changing structures and functions of the heart in a variety of CVD conditions. Among them, pressure overload induced by hypertension is one of the most common causes for myocardial hypertrophy (Honsho et al. 2009; Rossi 1998) . Myocardial hypertrophy is characterized by an increased myocardial cell volume, sarcomere hyperplasia, and accompanied with the fetal gene reactivation related to myocardial hypertrophy (Oparil 1985; Taegtmeyer et al. 2010 ). In the early stage of the pathological process of CVD, cardiac hypertrophy is an adaptive response of the heart, which is beneficial to improve the heart function and reduce the ventricular wall tension. However, the long-term and persistent pathological cardiac hypertrophy often leads to cardiac dilatation, diastolic dysfunction and a series of decompensatory reactions, eventually leading to heart failure and sudden death (Benjamin et al. 2017) . It has been confirmed that the pathological cardiac hypertrophy results from the pathological stimuli involving many signaling pathway, such as beta adrenergic receptors, PI3K/AKT, and Ca 2+ /calmodulin dependent protein kinase II pathway (Liu et al. 2007; Vidal et al. 2012; Zhang and Brown, 2004) . Nevertheless, the mechanism of cardiac hypertrophy has not been fully elucidated yet.
The gene expression chip, an effective technique for revealing the relationship between disease and genes, and providing the valuable clues for the pathogenesis of the diseases, has been widely used in a variety of disease research fields, including cardiovascular disease (Henriksen and Kotelevtsev, 2002; Tarca et al. 2006 ).
In the present study, we re-analyzed the gene expression profiles of GSE5500 and GSE18801 to explore the molecular mechanisms of cardiac hypertrophy induced by pressure-overload (Bisping et al., 2006; Galindo et al., 2009 ). The correlation between DEGs and cardiac hypertrophy was examined through a comprehensive bioinformatics analysis including biological process annotation and biological pathway enrichment analysis. Finally, we confirmed the expressions of DEGs in the myocardial tissue of mice with hypertension-induced cardiac hypertrophy, which may provide the potential molecular targets involved in the cardiac hypertrophy.
Materials and methods

Expression profile microarray
Data was downloaded from the Gene Expression Omnibus (GEO), a public repository for data storage (http://www.ncbi.nlm.nih. gov/geo/) (Edgar et al. 2002) . The microarray dataset GSE5500 and GSE18801, in which the RNA extracted from the ventricles of mice with cardiac hypertrophy induced by pressure-overload was analyzed using the GPL1261 platform (Affymetrix Mouse Genome 430 2.0 arrays), were downloaded from GEO database. GSE5500 dataset included 4 sham-operated samples and 6 TAC (transverse aortic constriction) samples of mice, which have same genetic background (FVB/N mice), sex (male), and similar body weight (22.5~25.5 g). And, the microarray data of GSE18801 had 3 sham-operated and 3 ISO infusion samples, which resulted from eight-week old male C57BL/6 mice (Bisping et al. 2006; Galindo et al. 2009 ) ( Table 1) .
Identification of DEGs
Samples were divided into two groups: sham-operated samples and cardiac hypertrophy samples. DEGs between the sham-operated samples and cardiac hypertrophy samples were identified, respectively. Firstly, the background correction and normalization of the microarray data were performed in the R language (Troyanskaya et al., 2001) , and DEGs were subsequently identified using a Limma package in R (Wettenhall and Smyth, 2004) . The significance of DEGs was calculated by t-test and was represented by P value. P < 0.05 and absolute log2 fold change (FC) >0.5 were chosen as the cut-off criteria.
GO terms and KEGG pathway enrichment analysis
The Database for Annotation, Visualization and Integrated Discovery (DAVID, http://david.abcc.ncifcrf.gov/) is an online program that provides a comprehensive set of functional annotation tools for researchers to understand the biological meaning behind plenty of genes (Huang da et al. 2009 ). Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed for identified DEGs using DAVID database (version 6.7, National Institutes of Health). P value 0.05 was used as a cut-off for significance.
Animal and experimental protocol
The animal experimental protocols were approved by the Animal Care and Use Committee of Jinzhou Medical University. All experimental procedures used in this study were conducted in accordance with the guidelines of the Canadian Council on Animal Care.
Male Kunming mice weighing 24-28 g aged 4 weeks were acclimatized in the laboratory for 1 week before experiment.
The animal model of cardiac hypertrophy was induced via continuous infusion of isoprenaline (5 mg/kg/d, ) or saline by implanting an osmotic minipump (Alzet model 1002, Cupertino, USA), as described previously (Ma et al. 2011 ). The mice were randomly divided into two experimental groups with 6 mice in each group: saline infusion group and isoprenaline infusion group.
Volume pressure recording
Systolic blood pressure (SBP) , diastolic blood pressure (DBP) and mean arterial blood pressure (MBP) were measured by volume pressure recording of the tail using the CODA noninvasive blood pressure system (Kent Scientific Corp, Torrington, USA) in conscious mice following :3 training periods, as described previously (Daugherty et al. 2009 ).
Histological measurement
After euthanization, the body and heart weights of mice were recorded. Additionally, the hearts were fixed, sectioned (5 µm), and counterstained with hematoxyline-eosin (HE). Mean cross-sectional area (CSA) (>100 cells/section) was measured from transverse sections, using Image J software (Liu et al. 2009 ).
Echocardiographic measurement
Echocardiographic studies were performed using an ultrasonographic system (GE Healthcare, Milwaukee, USA) equipped with a 8-MHz 10 S probe. After anesthetization with ketamine/xylazine combination, M-mode pictures captured from the left parasternal long axis view were recorded to measure end-diastolic interventricular septum thickness (IVSd), left ventricular posterior wall thickness at end-diastole (LVPWd), left ventricular internal diameters at end-diastole (LVIDd), and fractional shortening (FS) were calculated with the established standard equation.
Echocardiographic measurements were performed in triplicate and then were averaged (Jiang et al. 2014) .
Quantitative RT-PCR
The mRNA expressions of DEGs in cardiac hypertrophy were measured by qPCR, with normalization to GAPDH expression. Briefly, total RNA was extracted from myocardial tissue using Trizol (Invitrogen, Thermo Fisher Scientific Inc., Waltham, USA). Genomic DNA was removed from RNA samples by digestion with DNaseI, according to the manufacturer's instructions. First strand cDNA was synthesized from 2 µg of total RNA using the oligo (dT) primers and Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV RT, Madison, USA) according to the manufacturer's instructions. Real-Time PCR was used to quantify transcript levels and performed on the ABI StepOne real-time PCR using Absolute Blue SYBR green PCR mix (Thermo Fisher Scientific Inc., Waltham, USA). The following primers were D r a f t 6 / 20 used: Anp32a (5'-CAGGGGACCTGGAAGTATTGG-3' and 5'-TTCAGGTTGGTCACCTCACAG-3'), Mfap4 (5'-ATGGACGGCAGTGTGAAT-3' and 5'-CTTCTTGTGGCGTGTCAG-3') (Wang et al. 2015) , Ltbp2 (5'-AAACCCCT CAGCGACCCGCGGCTGC-3' and 5'-TGCTTCTGTGAGGACCGGGTGCTCT-3') (Fujikawa et al., 2017) , Aspn (5'-CCATTTGGGTGCCAATGTTACT-3' and 5'-TGGGTGAATCTTTGTTAGCTTGT-3'), Serpina3n (5'-CAATGTCTG CGAAACTGTACC-3' and 5'-TTTGGGGTTGGCTATCTTGGC-3'), Cnksr1 (5'-TCCTCACCTGC TAAGCCAATC-3' and 5'-GACTGAGCGTCAAAGGAGGTA-3'), and D17H6S56E (5'-CCCAGACGGGATCAAG ACTC-3' and 5'-GGG TTCATGGGGCATAGGAC-3'); we used a 2-step amplification (40 cycles of 95 ,15 s; 65 , 30 s; 72 , 30 s; followed by melting temperature determination stage) and fold enrichment was calculated by the 2 −∆∆CT method.
Statistical analysis
All grouped data are presented as mean± SEM (Standard Error of Mean). To determine statistical significance, results
were compared by using one-way analysis of variance (ANOVA) followed by Tukey's HSD test. P< 0.05 at 95%
confidence level was considered significant.
Results
Identification of DEGs
Gene expression datasets GSE5500 and GSE18801 were downloaded from GEO datasets. After data normalization ( Figure 1a and 1b) and differential expression analysis, a total of 429 and 2349 DEGs were identified from GSE5500 and GSE18801 datasets, respectively (Figure 1c and d). Among them, 278 up-regulated genes and 151 down-regulated genes in GSE5500 dataset, and 866 up-regulated genes and 1483 down-regulated genes in GSE18801 dataset, were identified.
In addition, the 113 common DEGs were obtained, comprising of 63 co-up-regulated genes and 50 co-down-regulated gene ( Figure 1 e and f, Supplementary Table S1 and S2). Furthermore, 17 genes were identified as the most significantly deregulated genes in CH when the cutoff of absolute fold change was increased more than 1. The heat maps for these 17 genes are displayed in Figure 2 .
Biological classification and pathway enrichment analysis of common DEGs
To gain insights into the GO categories of common DEGs from cardiac hypertrophy induced by pressure-overload, we uploaded all common DEGs to the DAVID database. As to the biological process, the up-regulated DEGs were significantly enriched in biological processes (BP), including neutrophil chemotaxis, extracellular fibril organization, positive regulation of inflammatory response, positive regulation of calcium ion import, and ossification; the downregulated genes were significantly enriched in biological processes, including ion transport, potassium ion transmembrane transport, potassium ion transport, and regulation of ion transmembrane transport; for cell component (CC), the up-regulated DEGs were significantly enriched in cell proliferation, cell differentiaion, negative regulation of protein kinase activity, cell response to tumor necrosis factor, extracellular region; the down-regulated DEGs were significantly enriched in endoplasmic reticulum and dendritic spine; in addition, molecular function (MF) analysis also displayed that the up-regulated DEGs were significantly enriched in collagen trimer, basement membrane, cell surface, neuronmuscular junction, and heparin binding; the down-regulated DEGs were significantly enriched in mRNA 3'-UTR binding, potassium channel activity, calcium ion binding, and voltage-gated ion channel activity (Figure 3a and 3b) .
After KEGG pathway enrichment analysis, the common DEGs were mainly enriched in nine KEGG pathways, such as ECM-receptor interaction, phagosome, focal adhesion, amoebiasis, tuberculosis, PI3K-Akt signaling pathway, small cell lung cancer p53 signaling pathway, protein digestion and absorption (Table 2) . Thus, these significantly enriched GO terms and pathways could help us to further understand the roles of these DEGs involved in the occurrence and development of CH induced by by pressure-overload.
The establishment of cardiac hypertrophy model in mice
To make sure the model of cardiac hypertrophy was induced by pressure overload, we detected the blood pressure for 2 weeks. The data indicated that the ISO treatment elevated SBP, DBP and MBP in mice significantly, as shown in Figure   4a . Subsequently, we detected the hypertrophic responses of these mice in response to ISO stimulation. The ISO treated mice exhibited a significant hypertrophic phenotype, such as the increased heart weight/body weight (HW/BW) and increased cross-sectional area (Table 3 and Figure 4b ). To investigate the cardiac hypertrophy and cardiac function further, we performed the echocardiographic examination. ISO treatment increased the left ventricular hypertrophy, judged by increased LVPWd and IVSd, with the enlargement of the left ventricular chamber judged by decreased the LVIDd (Table 3 and Figure 4c ); Percent fractional shortening (%FS) reflecting the systolic function of LV did not differ between sham and ISO treated mouse (Table 3) . Collectively, these results suggested that we established the models of concentric hypertrophy in the compensatory stage, which was characterized as the elevated after-load, increased relative wall thickness and conserved contractile function.
Validation of expression levels of the most significantly common DEGs in animal model of cardiac hypertrophy
Next, we detected the mRNA expression level of the selected most significantly common DEGs by qPCR method in the mouse model of ISO-induced cardiac hypertrophy, excluding the 10 published desregulated genes, such as Postn, Myh7, Lgals3, Mfap5, Timp1, Spp1, Cthrc1, Ctgf, Clip and Mt2 (Ahmed et al., 2004; Galindo et al., 2009; Heymans et al., 2005; Miyazaki et al., 2006; van Berlo, Elrod, Aronow, Pu, & Molkentin, 2011; J. J. Wang et al., 2016; Xue et al., 2010) . Compared with the sham group, the significantly reduced expression levels of Anp32a and the significantly high expression of Mfap4, Ltbp2, Aspn, Serpina3n, and Cnksr1 were validated in the animal model with cardiac hypertrophy, while D17H6S56E-5 was not significantly differentially expressed, which was not consistent with bioinformatics investigation (Figure 5 ).
Discussion
Pressure-overload induced myocardial hypertrophy is an important risk factor for heart failure, sudden death, arrhythmia and many other cardiovascular diseases. Currently, it's believed that the following factors are involved in the occurrence and development of CH, such as angiotensin, catecholamines, endothelin-1, transforming growth factor-1, and IL-1 (Crowley et al., 2006; Dobaczewski et al. 2011; Irukayama-Tomobe et al. 2004; Orn et al. 2012; Scheuer 1999 ). In addition, it has been confirmed that the pathological cardiac hypertrophy resulting from the pathological stimuli involved many signaling pathway, such as beta adrenergic receptors, PI3K/AKT, Ca 2+ /calmodulin dependent protein kinase II,
MAPKs, AMPK, NFκB pathways (Dyck and Lopaschuk 2006; Li et al. 2004; Liu et al. 2007; Streicher et al. 2010; Vidal et al. 2012; Zhang and Brown 2004) . Although many studies have been devoted to explore the pathogenesis of CH, the mechanisms of CH development and progression have not been elucidated fully yet.
Gene expression profiling studies based on the microarray technology have been developing rapidly and has been widely used to reveal the general genetic alterations in progression of diseases, which enables the understanding of the pathogenesis and identification of novel regulators and pathways involved the occurrence and development of CH (Wang et al. 2016; Westenbrink et al. 2015) .
In the present study, two microarray datasets were obtained to identify the common DEGs between hearts with CH induced by pressure-overload and control samples, perform GO and pathway analysis for DEGs. The result of GO and pathway analysis for the common DEGs indicated that these common DEGs between two datasets were mainly enriched in ECM-receptor interaction, phagosome, focal adhesion, and PI3K-Akt signaling pathway, which may be closely related to CH, which was in accordance with previous study. with CH, including Aspn, Mfap4, Ltbp2, Anp32a, Cnksr1, and Serpina3n, which may be correlated with the occurrence and development of CH closely.
The previous study demonstrated that distinct signal transduction pathways were activated in different types of cardiac hypertrophy (Kehat et al. 2011; Miyamoto et al. 2004; Sopontammarak et al. 2005) . Adult myocytes from hearts of mice with genetic deletion of all ERK1/2 showed preferential eccentric growth, conversely, activated Mek1( mitogen-activated protein kinase kinase 1) promoted constitutive ERK1/2 signaling and increased myocyte thickness, which implied the activation of ERK1/2 signaling pathway can regulate the the balance between eccentric and concentric cardiac growth (Kehat et al. 2011) . In the present study, some of validated DEGs in our ISO-induced CH model are associated with ERK1/2 pathways, including Cnksr1 and Anp32a.
Firstly, Cnksr1 (connector enhancer of kinase suppressor of Ras 1), as a regulator and binding partner of the Kinase Suppressor of Ras-1 (KSR1), can directly modulate response to small molecule inhibition of the MAPK pathway (Quadri et al. 2017) . Furthermore, Cnksr1 functions as a scaffold in several signal cascades and acts on proliferation, differentiation and apoptosis (Fritz and Radziwill 2005) . Cnksr1 can interact with the angiotensin II type-2 receptor (AT2R), indicating it may play a role in the AT2R mediated signaling pathway, which have been implicated in many cardiovascular conditions, such as hypertension, atherosclerosis, coronary heart disease, restenosis, and heart failure (Fritz and Radziwill, 2005; Lemarie and Schiffrin 2010) . Additionally, Xue J et al., found that compared with transgenic mice expressing wild-type Na + /H + exchanger isoform 1 (NHE1), the mice expressing the activated NHE1 showed a significant cardiac hypertrophy phenotype, and the expression of Cnksr1 in the myocardium of wild-type NHE1-expressing transgenic mice is down-regulated significantly, which indicates that the level of NHE1 activity is important for the occurrence of cardiac hypertrophy (Xue et al. 2010) . Taken together, these data support the hypothesis the upregulated Cnksr1 and related signaling pathway may act as a key role associated with compensatory concentric hypertrophy.
Secondly, Anp32a (acidic nuclear phosphoprotein 32 family member A), as a tumor suppressor, has been implicated in a broad array of physiological processes, including cell differentiation, apoptotic cell death, cell proliferation, and mammalian development via the actions of phosphatase inhibition, chromatin regulation, caspase activation, and intracellular transport ( (Hoffarth et al. 2008; Reilly et al. 2011) . Moreover, Anp32a .has been identified as an inhibitor of protein phosphatase 2A, leading to changes in the ERK signaling pathway, which implied down-regulated Anp32 may
associate with concentric growth of the heart (Habrukowich et al. 2010; Kehat et al. 2011) . However, there is no report on the effects of Anp32a on cardiac hypertrophy so far, which requires the further study.
Ltbp2 (latent transforming growth factor beta binding protein 2) belonging to the family of fibrillin/Ltbp glycoproteins, is another up-regulated protein in this study. The structures of repetitive EGF-like domains and 8-cystein repeats in Ltbp family are believed to mediate protein-protein interactions, such as fibrillin-1 and transforming growth factor-β (TGF-β) (Isogai et al. 2003 ); Zhang group found that Fibulin-2 deficiency attenuates angiotensin-induced cardiac hypertrophy by reducing transforming growth factor-β signalling ); in addition, LT Ltbps can facilitate TGF-β secretion and directing its ECM localization, which play very important roles in the pathogenesis of CH (Horiguchi et al. 2012; Sterner-Kock et al. 2002 ).
Serpina3n, serpin family A member 3n, inhibits neutrophil cathepsin G and mast-cell chymase, which convert angiotensin I to II, resulting in vasoconstriction, fluid retention, and increased blood pressure (Dhahbi et al. 2006 ).
Serpina3 was increased in dyssynchrony heart failure (DHF) but then reversed towards the normal level after resynchronization therapy (Yang et al. 2015) . Microarray analysis in failing myocardium discovered that Serpina3 gene is involved in mitochondrial dysfunction and oxidative phosphorylation (Xue et al. 2010 ). These evidences suggested that serpina3n may be involved in the pathogenesis of CH.
Aspn (asporin), encodes a cartilage extracellular protein that is member of the small leucine-rich proteoglycan family, which is highly expressed in osteoarthritis cartilage tissue, inhibiting TGF-β signaling-mediated synthesis of cartilage specific extracellular matrix components, such as type II collagen and proteglycan in chondrocytes (Kaliakatsos et al. 2006) . Similar with the Anp32a, there is also no relevant study about the effects of Aspn on cardiac hypertrophy so far.
Mfap4, microfibril Associated Protein 4, an extracellular matrix protein which is involved in cell adhesion or intercellular interactions. It has been reported that serum Mfap4 acts as a biomarker of stable atherosclerotic disease (Wulf-Johansson et al. 2013) . Similarly, serum Mfap4 varies in groups of patients with various cardiovascular conditions (Wulf-Johansson et al. 2013) . Furthermore, in dyssynchronous heart failure, the secreted Mfap4 exhibited upregulation (Yang et al. 2015 ). In the model of chronic isoproterenol application to induce cardiac hypertrophy, Myoglobin knockout
) displayed conserved cardiac function and no signs of left ventricular dilatation, while Mfap4 expression is up-regulated in myo −/− hearts after isoproterenol stimulation (Molojavyi et al. 2010) . Thus, these results further confirm the usefulness of our findings of this present study.
However, there are some limitations of our study. One limitation is that the microarray data are not generated by ourselves but from GEO database. The second limitation of the study was the relatively small sample size. Therefore, our results should be followed up in the further experimental studies based on a larger sample size.
In summary, the present study intended on identifying DEGs and biological pathways between hearts with CH induced by pressure-overload and control samples by data mining, bioinformatics analysis and biological identification, which may play an important role in the development of cardiac hypertrophy induced by pressure-overload, further providing more information for studies on pathogenesis and screening of potential biomarkers of cardiac hypertrophy. 
